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[0001] *&Wfe. *NI#5£**^fcBBU <«MCT/<9>">*'7*by>f*— K (Avalanche 
Photodiodes: APD) t£Kli~5o 

[0002] wft^iim i/xTJ*m<Dmm-mm&%:ytm*ki,x, mn^-r^—i-m 

[0003] rO«t9«3(5M*T-fi^ InAlAs/lnAlGaAsMI&T-li^SO-r^-Wb^ltli^ 
^JTt^J#Wi|M(GB;it(Gain Band width product) Mb. i&m^ittf 

[0004] wMftma^ mmmn, ^m^m.±KW,-<omnm(D^y7T—m. 
[0005] ^i?#e*^*i-L-c, m^mm^mL-tcT^yu- */3>m<nmm%9t\z. 

[0006] r-ryw- i/3>-m<nmn, ^mm^m-r^mmtitmL-x^^ ^mm^sm^ 
[0007] fg-tSBroagmMoSffitesiv^ iga±9^f->^h*:/«iire^^^ 

[0008] z<DTjyu-^3^<D&m^Mm&&ATz>z.b\z£*)^ niMwe&n 

[0009] ^O.tp^bT^$*Lfc:^^«, ii53S'i«JSS©3te'm«2Elfe*Sprtei:*Sfc«), 
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[ooio] &xm6<omm-w*. m8\zm-rm^ mmmb^y&rxhv'*— mt^ma 

coon] ^m-v^vti^u—rmmm^APDx^ m&+tfm*mfem tvxm\ \ <s 
nRfabmmttzk&wmk-rzmi&*mmL.x\,^ 0 mi&*mm<Dm&. mm 

[0012] -Jjx% £Q&^GBm<Dmfemzn£ot'rz>m&. m%*mm&m^-r\^ m*. 
(i, inA\As(Dmm(Dm^m<om^mmtvxm^^txGBm(om^±^ 

itz>xm*%nt>1nx\<^ 0 

[0013] ^y^>?*hy/<—m^m\<^ttmbLXlnPtf£<m^^nx\^ 0 mmt±, InA 
lAs, InGaAs, InAlGaAs(Dj;5^TO(^bT^5 : -^^lt^ii5<^^^i:^ 
iBUV^„ — InPfi, jM#!£S^InAlAs, InAlGaAs{Cjt^bTi£V\ £ 

[0014] ffi, ^^-V^h^^-SibTfi, InP^tC, InPH&^g^^T-In Ga 

x (1-x) 

As P (O^x^l. O.O^y^l. 0)^AlAsSb$:'K9^<ttj-e#^o 

y (l-y) 

[0015] t^ox. mfem<Dmm&n<-rz>ztx\ GBm*fa±£ttmmM&m^xmm 
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[ooi6] *%wi*. ¥mwmtiLt\z. ^<ti>m-(ommm<D^yyT-m. imi^ 

coon] *&wx^ ^y?>?xhv'*—m<omnR&&n&mm<omnft^£*)fc< 
[ooi8] ^fcfetc, *mw-?te, mfcmb^y^rmk<Dfn\zmi&m<onft& ffla-f-z 

#1 X 10 16 (cm" 3 )^±-efo5^^5J;l3^UV> o 

[0019] **B-ef4, lif&««r^i-57c*0DJtdS-^¥«-e*>5iit*s»*b<, ittf» 
S*slnAlAs*»e»fc5jB-e*>Sii:* s J:9&*L<, it^Ji^ff^O. 3/x mWTt* 

[0020] Z<Dm&, ^y^>tf*Yy'<— M* s InP*7t«In Ga As P (0^x^1.0, 

x y (1-y) 

O^y^i. 0)d»e>5fe5Ji"Cfc5ii:*s^iu\ 

[0021] wsji *tt*te«»D-*-<s»ft\ mfem<Dmm(dm(cm))}i$g2(Dmim<D* 
tmm& (Ndm (cm -3 ) ) mmm \mtia£nzm,ft&mzmairzmM<D±%£ 

AEmdtV/cm)^^, Ndm^kXeOX AEm/(qXdm)OW#£^7Vr^;W 
[0022] «#^fP«£l£tt5«£\ »~0^«S!©«*«|P*^*J¥(dk(cm))^2«) 
A Ek(kV/cm)£^ Ndk^kXeOX AEk/(q Xdk) OHffifrWfc'f 
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[0023] ^y^>yxhy'<-mizfrfrzmR*&nir%mm%:mi<^z.k'e, xm&f&ft 
[oo24] m-^m^um-r^t^xv, mm-r^^>^h^<-m^mn^n^m 

[0025] 0"JxJ£, mfeM<DmBnR<DM±U&700 (kV/cm) X^y^^^Yy^-M 
<7)jitm#^^6O0 (kV/cm) CD#^\ JgfgJi rt*Bfc*5V ^3o£^:100 (kV/cm 

[0026] LWot, *BflFJIJV*3rO. 2 /z m, ^2#«!S©^^«^^5 X 10 16 (cm -3 ) i 
•rS^^-e, aiy^^hy/-?— S-COm#^{il45(kV/cm){£^T'#, 700- 
145=555(kV/cm) ^^oTffl;^^i:b-C+^»XL^tv5^:#${C?fcoTV>5o 

[0027] rtb(c:J;»), 700(kv/cm) b^5iH\<*ttt&&tt^i8fcm&J$^te&t>. 6 00(k 

[0028] z.<Dm^Mmnft&m<oi8&m\z£r>s gb«&i&]±&-£\ t^wmamtetm 
[0030] m=.(D^m^umir^t\zx i o, it^«{cgi^D^nTVN?>m^3^^^m# 

[0031] #Rtf , igfgJf (£>i#f£m#<£>ft;Mfi#650 (kV/cm) T^^^^h^^-g 

»i!t«#^^55o (kv/cm) itf&s t^^^^h^^-s^rao^ 

rWMMfPJli^V^ 100(kV/cm)^±^«#MfP^BE^fcn^, ^5/^- 

[0032] ^ - o^mM^fPS^m^-^o. i M m. ?Fmv>)mg£*i x io 17 (cm -3 ) t-rsr 
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ys<—miZ.&tfZ>m,mZ. 650-145=455(kV/cm) kt£*), Mtt#-0fc3 

o 

[0033] rjxfcj:?), 650(kV/cm)tV^iftV^|?.3fi§FS:tol8ffiF««:fflV^«C*se>x 550 (k 

[0034] w<DKv>i8l&m^^£g<7)it{SS^J: , 9, GB5«&ft±£it\ i)^mnMi>m^tm 

[0036] [mim-<Dmm<D^m<D^mm(i) 
m^m^nm^wm^mmm (2) 

[0037] 1-1 ¥m&mm 

1-2 I-0#1S0^^77-1 

1-3 m-co#ms©3te®Jtxs 
1-4 oitiwt»i 
1-5 

1-6 ^-/^^hs//^— Jg 

1-7 ir©itSo^y77-l 
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1-8 %-<Dmmm<D^->??ym 
1-9 mm&m 

i-io 

l-ii wm 

1-12 *mfotmmm 

l-i-i ^y?->y*Yv'*—mv>mm.zm%. 

1-1-2 AE 
1-1-3 Wfr$&G<Z>1& 
1-3-1 InP^{M*g 
1-3-2 pM'V^T^-Jf 
1-3-3 pM3t!RlRJi 

1-3-4 mn^^am 

1-3-5 n§Jif {£JB 

1-3-6 x.<5&>4rxhys*—M 

1-3-7 nS^^r— S 

1-3-8 nM=*>^Wf 

1-3-9 SiNx9t®{W£ 

1-3-10 pfl[® 

1-3-11 nlS 

1- 3-12 Znfctifc^HJsS 

2- 1 

2-2 m-<?>mmM<D'<v7T-m 

2-3 &-Oag«M<£>3fc©l&Jg 

2-4 %-<Dmmm<DmRMfnm 

2-5-1 WffM 

2-5-2 ^2©#«^(D«#igfPS 
2-6 aiy^^^hy^— € 
2-7 iI(DilI<D/^y77-I 
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2-8 m-nmmmfD^ftvm 
2-9 mmftm 

2-10 

2-n WM 

2-12 ^^i£ffe^ 

2-2-1 =vns4f*Yy'*'- mv>mtm&& 

2-2-2 AE 
2-2-3 m.R'ftfa<D$L 
2-3-1 ¥8*flc&K 
2-3-2 pg/^r- M 
2-3-3 pl!3te!Rl&Jl 
2-3-4 pSUKJlttftJI 

2-3-5-1 m&&m 

2-3-5-2 nSMIMSftJl 
2-3-6 x-y^yahyt—M 
2-3-7 nl/<y77-l 
2-3-8 nS^^^Ng 
2-3-9 SiNx^Hfl^ 
2-3-10 pWSt 
2-3-11 nit® 

2- 3-12 Zni£lfcfg*& 

3- 1 *NW**K 

3-2 ^-(D^SS©/ i !?/77-B 

3-3 ig-oa§tmg!itf>«jfc« 
3-4 m-(ommm<Dm^-mfam 

3-5 JgftJg 

3-6 siy^^by^— M 
3-7 IZ©^11(D^777-1 
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3-8 $&-<Dmnmfy=i>9*YM 
3-9 mmfcrn 

3-10 w& 

3-11 H@ 

3-12 yfiWtoW»m» 

3-2-1 ^y<7->yxhv<><— m<DMW,fr&&. 
3-2-2 «##*Ptf>$l 

[0038] ^^^b^-m<om^n^&x^M^m^mmm^m^^x.^ 

[0039] m-<Dj?mz. **rf-i/y*\>y*—m izmw-rzmmm \z.m2(Dmmm<D^mm 
[0040] mmmnmmm^m^m^m^m^o^-^^tcmmx 

[0041] m-<o^m^tt. mm&&<Dfo ^mi%m \z.w,2<Dmmm(o^mmY-\zi/y*'n 
[0042] z<Djjm&m\i^>z.k\z&9. ^y^>y*vv'<-m\z.frfr%nM&m&fenR 

[0043] rw^t^, |^bfcv>«|!L«»fifcii0S©«*feJ:t5^tt«>««i:©B8«riT 

iao^;(i)-e^^,-e#5o 

[0044] AEm=qXdmXNdm/(kXeO)-"(l) 

A Em : {S^LfcV cD*#£ (kV/cm) , q : dm : J£ ( 

cm) „ Ndm : JgftM (DTffl. mWtB. (cm -3 ) „ k : iifgFjg<OJt«W*3J:tfeO : J^tf> 

[0045] {Rld^^O. 2ixmX^mm&&&2X10 16 (cm- 3 )<Dmfem%Qimi-Z>b, 5£( 
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1) frbWcXMm*bfrttmftV>1&MA A Emli > &J58 (kV/cm) AmbfrZo 

[0046] z<d£o\^ mwni&mmte. mfem<D^m®WkmRx?m-&*wtfevxtktbz>z.t 
[oo47] n-co^-e^ mmm^m<om^^mBmt^y^^^by^-mt<Dm^m 

±<D$&mxnmx%z 0 
[0048] ^m^^w^^&x^\tm-(DmnM<Dyfn^x'h^xhm~ 

[0049] 'i;#i^?ps©«#i^?p*AEk^, Tfe<£>5S(2)-e*m-e^5o 

[0050] AEk=qXdkXNdk/(kXeO)---(2) 

wmm<Dmi%mtm-mmmxhz>) , qii, m#***5«t^kii, sj^fuJi <*>Jt 
[0051] « * mr.(Dmnm<DmRWtftm<Dm*tm&*. o.in mRxi5 x io 16 (cm~ 

3 ) bUt^k. m#^fPft A Ektt, ^72 (kV/cm) bKZ> 0 

[0052] mife.^Mmm<nffl&m&mm&mi- 0 

[0053] ^^s=ki-i mmm&mfrto ^) Jiic^ft^&i-i ^^uruK^, sg-tf> 

mnsi(D^y^T-M 1-2. m-60^«M^>^^Ml-3, 

ti©/^77-i 1-7^^ ~ ^msc^^^e lsxm^titzmm 
[0054] ftw.^Mb^>?7-hMt(Dmmznttz>tctb\^ mmm<Dft$sm$: 
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[0055] %w^mt^^^vmt<DmmM^mm^wmi-i 1*5^^1-12^^1-^.0 
coo56] ii^i-5^, ^mm^mimxi^^tmrnv-^^m^u mmn% >\\&^ 

[0057] m-vM4k&vo¥mfcx\^ m^^y^^-r^m^-, ^y?->y*hvs<-miz 

[0058] ^y^?xhys<-m i-6Ks rm^m^r^mmmi-^m^t^mtvm. 

mi-5tm\mm^w^x\^^tc^,rm<Dm^m^m<^<>tim^tmm^mm 
[0059] ft, m2<Dmi&<Dftmxi>mzx&z>i)K ft&i&mfen-vmmmx&^xhfrt. 
[0060] &m^m\i£tbzmRfttt<nmv&m&m2^7jk-t a ^mmcDnmxn, mi^m^ 

[0061] xvmftma*. mx.t£, mt\^xinAiAs^m^\ mm$o. 3»m<Dmi%m<D 

*g^«Oft±«#f±ioJ:^r600-650(kV/cm) i&3 0 
[0062] ^yJ->y*XYy/<— m £LTInP£ffi V ^>#-S\ -?:OiiS«#^^tt600 (kV/cm) 
ttto ^(Dm&lZfe. mi%MfcX\ ^j50(kV/cm)(Dm#^fg:^UT*3{j-if, ^ 

y^>?**hys<-m ^mn^^mmtwm^&^riz.tj:^ 0 mmmxwmx 
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#<5«#<0ft A Em J3:Tfa<£>5£ (3) X'ttbtlZo 
[0063] A Em= q X dm X Ndm/ (k X eO) • • • (3) 

^vL-C, q=l. 6X10 _19 (C), eO = 8. 85X 10~ 14 (MQ(Dffim,*¥; cm^.dm 
=ii^SOSff (cm),Ndm=^SO^«^(cm~ 3 )fcctmc= 12. 5(*gfgF 

[0064] «ffifS<Z>i?**SO. 3^m-el2ftS^MiIg#i. 5 x 10 ,6 (cm" 3 ) <Di#{£ 

SSrffiffl-f5»^, ^C(3)*»6> % m#©<£«JlAEm = 65(kV/cm)*S^t>tU5. 
[0065] £<&.fc5te, «#<D<&$clrf2, iiffiFS©^««j«aF 1 RtJ«j|[^«rK^-c«)t«)5c:^*s 

^o. 3/im^«*^ftV>fci"Sfc % li«Jg©^#e4WtftB:l. Ox 10 16 (cm" 3 )^ 
_h>5W*L<, 1. 5xiO 16 (cm" 3 )T*fc5ri:^J:t>0*UV\ lxi0 16 (cm" 3 )^±© 
T>-K— ^"©»^«>?P#fi**«-e«>51"-5 x 10 15 (cm" 3 ) Kifc^T 

cm -3 ) ±«9&v ^#-e*>*L«J;V \, 

[0067] iw&sw:, m^mtLxm^^GBm^-rnm^o. 3nm)m&m<o£tt, 

[0068] ^t, £<<a#£\ *T Jt^<D@J¥^^U, ftSftttJlBNtttzijl 

[0069] tot, Biff dm&ifejeLfc&btf, ±3B©*£i&S*l ^ftXh^&ZfrZt^ ^ 

ft&tiaxX, THE, 5*(4)**e>^*fi4fc»*SrJ|[W-e#S. 
[0070] Ndm^kXeOXAEm/(qXdm)"-(4) 

^<DXo^w^mtc^mm^^^x,^Mmx^h^^m^<Dmmm^^--r 
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[0071] ms, *mi&<Dmm<Dmj&ffimwTmz7f;-r 0 

[oo72] (^ii^Pp^^v 2-i±^mwmm2-i \zmvxim\^ m-<r> 

fU«2-4, iif^S 2-5-1, ^-(D^«^m#i^fU« 2-5-2, o^^^hy^ 

— S2-6,^-<D^mM^^^7TS2-7joa:Tj?^r(D^mM<D='^^ba2-8 

[0074] ytmumt^^hmt<Dmmmmmm^nmi-ii^xm-i2^^ l 't^ 0 
[0075] ^pp^u$H^m#5)-*»iitiBSia^i2i5^^-r 0 *^jfe<o^T*«, 'm^m 

[0076] £<9Mftma^ Mx.t$s untvxinAiAs^m^\ mmfro. 2nm<Dmmm<D 

[0077] xyr2s?*h??'<—M bVXInP*m V ^£4§£\ ^OjS^m^^^{i600 (kV/cm) 
ttto ~<DM^ltt. ^2#«S!O«^a^lJl^*3V>T100(kV/cin)«J:«J^t* 
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[0078] AEk=qXdkXNdk/(kXeO)---(5) 

q = 1 . 6 X 10" 19 (C) , e0= 8. 85 X 10" 14 (K^O^®^ cmi*) , dk= 

n-mnm<Dimi%<Dmm. (cm) , Nak=m-mnm<Dmumv>*m%>Wkm (cm 
[0079] 0ijx.(^, m-^nsi<DMftmz, mm. i»m, ^mmmmi x io 17 ( cm " 3 )T^ 

fife-T^i, AEk=145(kV/cm){e:ft<3, ilEO^^fci-^tdSffi^Sc 

[0080] m,$mfa<omz, ^tiu±<Dx^x^xh^uxi-immi-^t^h. mi&t 

[0081] AEk^qXdkXNdk/(kXeO)---(6) 

-rz>&}%z&nz>z.ktf*smx*foz> 0 
[0082] ft, mi(Dmmmmte£Tfm2<DmM<DMmxn, mM&.m^hGBm^^< 
•rztzbb\zmfemt^xmm<Dm\ jnAiAs^m^^^x^rnvtznK %%(om 

-m^mn^n^m^m^m^ti^(Dx\ ^M^hmmm^m^u m&<D 
[oo83] mmmi) 

mSiZm-rm^. nl, pM(tjL<«SI(Semi-Insulating:^^)®)InP^^ 
S^l-3-li;^ InP, InAlAs, XteInAlGaAs<^p§!^V:7T—Jf 1-3-2, InGa 
AspM®H5Ug 1-3-3, pit#ilPSl-3-4, nM<Dif f&Jg 1-3-5, 
*hs>^-S 1-3-6, nl/^>77-I 1-3-7& £tf nM=»^Wg 1~3-8£M 
Lfe^it^L-C, T-ry ^B>^y^^iSXXfmm^<y^- ^>b>- (SiN 

mmfom 1-3-9) ^sritb-c^v—- 7"MAPD^#btbS 0 

[0084] nM*i{g/f l-3-5£LT, S^O. 3 jtz m, ^jjsfc!&^3 X 10 16 (cm" 3 ) (DInAlAs£ 
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-3-7klX. mW-O. 5fx m, ^M^H X 10 18 (cnT 3 )<7)InAlAs£:, nf^y^ 

Wf l-3-8£LT, JlffO. 2 /xm, ^^i$5X 10 18 (cm~ 3 )OInGaAs^fflV^ o 
[0085] ft , pS13te!RlRJi te, n3!©3te!ft IKS V V5^frb-e#*. 
[0086] ^<^)nM±i^ei-3-5(i, 130(kV/cm)«#&&T£*5«te&#*>. 

R<Dm±m*650 (kV/cm) fcfcSftfls&fMc&V N_ Ob, InP^^- v^hy/-?- 

gl-3-6{^*^^m#«520(kV/cm) £fc5 0 
[0087] rtlia!), ItfMtfS. aiy^V^hs^Hi l-3-6<DMmft&& <fc*9^V^f& 

[0088] ^J^tcLTfWUh^te, ^^-©ft^iffi^oT, l©««E*s<S«$nfc 

331 MT. BtSSfcte, 0. 9VbX\ 500(nA)J£Jir^i-5^i!^-T?tfCo 
[0089] Vbte, ^V— ^«^^18JE"T?*>5o 

[0090] GB^fit, 80 (GHz) (50(Q)^#^)(DflJ#^f^^#^-^d^tfc e 
[0091] ffittte, lOO^NfW^±o#^dS#P>ix5t«l3£*tb5o 

[0092] z.*ih<D®mL mzftmmm<D$:mmizm\<^<D\zm%)X'hz> 0 

[0093] ^Tt, ^tib<D%m%mmz.ffitcrz.tte, ^mmmxmm^m^m^^tx 

[0094] (Hife0>j2) 

IH6^i-^^ N nM(t>b<{iSlM)InP«^2-3-l_b{CInPX«. InAlAsXfil 
nAlGaAsfaf±>f$.Z>pm^y7T—m 2-3-2, InGaAs^f&Sp^SfciClJl 2-3-3 
, p£!£#Mftfr/i 2-3-4, JBftJl 2-3-5-1, nSMtJfcttfr/i 2-3-5-1, 

JB 2-3-6, im^y^T— S2-3-7, nl^ >-^hJg 2-3-8 Sr^Jf Lfc 

X 

JSL-C^W-^-SiAPDSr^-rS, 
[0095] JgftJS 2-3-5-1 £LT, 8^0. 2 M mX*T>V— ^(DlnAlAsSr, n^WMfaJf 
2-3-5-2tLr, JBffO. 1 ju m. III X 10 17 (cm" 3 ) (DInAlAs£, x-s&^Xh 
y<— ®2-3-6tU-C, 0. 1 M m<DInP%, J§2-3-7£l/Tr£, 
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. 5/zm,^lxiO ,8 (cm" 3 )OInAlAs,nM^>'^he2-3-7<tL-C. JIJSO. 2 
nm. ^g5X10 18 (cm" 3 )<DInGaAs^V^ o 
[0096] £0>n?B«JM»fPJira:, 145 (kV/cm) ^&PfeT£*3*flfe&iS*>. 

0*^*5700 (kV/cm) fafeSftfts&frfciSV ^Tt, InP^^^H//-?-® 
tO&^ffi#l3:555 (kV/cm) £&5 0 

[0097] rtu^w, ^y^rxbv'<-m<omn^£QM^mmi&tt^m&-?ib 
[0098] z(D&\z.vxni¥i,izmw£. ^-irtiffitiox, mpm^is^twt 

*SV NT, 0. 9Vb-CO^^500 (nA) &,TZ&Z>Z.btfX'%t£ 0 

[0099] GB»H\ 85 (GHz) (50 ( Q )Mffim ©flJ#fflr*fc»Sr#5^i:*S-Ct7to 

[0100] SS^-fSllfitttt, 100^B#r^±/&5^£*L5 o 

[0101] r*L£>CD#ttte N #^jifl05tSff«l^fflV^(0^^-efc5o 

[0102] tit. zfrbnfflk&mmzffiit'rz.btt. ^mmmxmm<Dm^m^ ^tx- 
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[2] m^m^M^mm^n-^mnmxib^nimx \z.wsL<D^mw^t%m^-o 
[3] mm^mum^^m^m^mmmx^mMmi^m^m^ytm^o 
[4] ^f^^^^hyy<-m<omm^mt^mmmmm(ommMBm^^<. m 

[7] HtiiEm^e (D^mmm-tDmnm-v&zm ^6 \zmm<D mm&gytm+o 

[9] mjlE^^S^^^^-o^in^x^^^^l x 10 16 (cm _3 )^_h-efc^ 
[11] MM^S^InAlAs^^^§ST^^t%#mt««^^10{^-B«O^^#: 

[12] mmmmm^m^o. 3 M m^TT^ct^mti-^tt^JSio^iEm©^^ 

[13] iufE^-z^-^^h^-?— g^InPStfcteln Ga As P (O^x^l. 0, O^y^ 
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